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网络及组蛋白甲基化修饰规律      
Part I：Study on the target gene regulated by PcG and 




























    肝癌是严重影响人类生命健康的癌症之一，其发病率和致死率逐年提高。然
而，对于肝癌发生的精确分子机制目前尚不清楚。组蛋白甲基化修饰作为重要的
基因转录调控形式，在肿瘤发生发展及表型调控中发挥着重要的生物学功能。最
近的研究报道肝癌中 EZH2 的表达水平和 H3K27me3 修饰水平升高，部分通过
表观遗传沉默抑癌的 miRNA 来促进肝癌的恶性表型。然而在 HCC 发病中 PcG
关键作用仍在探索中，PcG 调控的靶基因网络尚不清楚。我们先前发现 HCC 中
menin-MLL 复合物表达上调，该复合物调控的 H3K4me3 组蛋白修饰参与促进
HCC（未发表数据）。PcG 复合物调控的 H3K27me3 异常促进肝癌发生。激活型
的 H3K4me3 和抑制型的 H3K27me3 对肝癌均起促进作用，然而，在肝癌发生过
程中，两种正负性组蛋白甲基化修饰间的关系尚不清楚。 
    本论文研究发现肝癌中 PcG 复合物的表达上调并与预后不良密切联系在一
起。PcG 成员分别 shRNA 干扰抑制肝癌细胞中总的 H3K27me3 水平、抑制肝癌
细胞增殖及荷瘤生长。我们的结果提示，我们通过 ChIP-on-Chip、表达谱芯片等
组学技术筛选了 PcG 调控的关键分子网络。ChIP 检测发现 FOXO3 等靶基因也
受到 PcG 介导的 H3K27me3 调控，而 PcG 抑制 P53 基因转录可能通过H3K27me3
非依赖性方式实现。H3K27me3 与 H3K4me3 ChIP-on-Chip 结果比较发现，在肝
癌中 H3K27me3 与 H3K4me3 分别相对独立地参与靶基因调控，如肿瘤中
H3K27me3 增高的靶基因启动子位点的 H3K4me3 不发生明显变化，而 H3K4me3
增高的基因启动子位点的 H3K27me3 则不发生改变。多种组蛋白甲基化机制共
同促进 HCC 发生，又相对独立地发挥各自功能，如 H3K27 主要抑制抑癌基因（如
CDKN2A）表达，H3K4me3 主要针对 Yap1 等原癌基因发挥促进作用。我们发现
特异的抑制 EZH2酶活性的小分子抑制剂GSK126 10uM处理HepG2 明显上调受
PcG 沉默的靶基因 CDKN2A、FOXO3、E2F1 和 NOTCH2。克隆形成结果显示，
GSK126 10uM 能明显抑制 HepG2 的克隆形成，这为小分子药物在肝癌的应用提
供理论依据。同时，我们通过 110 例肝癌临床标本筛选 EZH2 突变体。 
本研究阐明了 PcG通过直接或间接的表观遗传调控机制来促进肝癌的发生，

































Hepatocellular carcinoma (HCC) is one of the most prevalent life-threatening 
human cancers that is not only increasing in worldwide incidence in the past decade, 
but is also a leading cause of cancer-related deaths worldwide。However, the 
molecular and cellular mechanisms of HCC pathogenesis are still poorly understood. 
Site-specific histone modifications are a major epigenetic mechanism for maintaining 
stable gene transcription during cancer development。Recently, emergent evidence 
suggest that increased EZH2 expression and global H3K27me3 levels in primary 
HCCs have been attributed to the aggressive nature of HCC resulting from partly 
through epigenetic silencing by multiple tumor suppressor miRNAs。However, the 
aggressive phenotype related pathway downstream of PcG in HCC remains poorly 
understood. We found that menin-MLL HMTase complex substantially activated in certain HCC 
tissues through regulating Yes-associated protein (Yap1) transcription in H3K4me3 dependent 
manner (unpublished data). Both active H3K4me3 and repressive H3K27me3 histone 
modification have been attributed to promote HCC. Despite its interesting, the epigenetic 
characteristics of many distinct HMTase partners and regulators in HCC remains poorly 
understood. It offers a fresh challenge to further uncover the potential link between H3K4me3 and 
H3K27me3 in HCC, such as whether the H3K4me3 competitively or cooperatively regulate 
certain gene network with H3K27me3. 
Here we show that PcG-complex is upregulated in HCC and is correlated with 
poor prognosis. PcG knockdown reduces the level of H3K27me3 and inhibits HepG2 
cell proliferation and HepG2 xenograft growth. We identified the genomic occupancy 
using ChIP-on-chip screens. To identify gene expression profiles by PcG, cDNA 
microarray analysis was performed on either Luc, EZH2, SUZ12, BMI1 and CBX8 
shRNA HepG2 cells. ChIP assays showed that the binding of EZH2 and H3K27me3 
modification at the FOXO3 promoter were markedly decreased in EZH2 know-down 















the situation of H3K27me3 and H3K4me3 methylation, we performed H3K27me3 
ChIP-on-Chip screen using 3 cases HCC specimens with hyper-expression of EZH2 
and menin, compared to adjacent tissues. The results show that H3K4me3 are no 
difference at the promoter of target genes with higher H3K27me3 levels in tumors 
compared to adjacent tissues; On the other hand, there is also no difference of 
H3K27me3 at the promoter with higher H3K4me3 modification. Our results suggest 
that although both H3K27me3 and H3K4me3 play important roles in promoting HCC, 
their target gene network is relatively independent. Exactly, H3K4me3 partiality 
regulates proto-oncogene, such as Yap1, meanwhile H3K27me3 is principally 
involved in tumor suppressor silencing, such as CDKN2A. The mRNA level of 
CDKN2A, FOXO3, E2F1 and NOTCH2 measured by qRT-PCR was modestly 
increased in HepG2 treatment with 10 μM GSK126 . In clonogenic assays, the HepG2 
cell clone formation was dramatically repressed by treated with GSK126. It provides 
theoretical basis for the application of a small molecule drug in HCC. Meanwhile, we 
screened EZH2 mutations in 110 cases of HCC clinical samples. 
Taken together, we identified the potential tumor promoter function of PcG 
through the epigenetic dependent or independent regulating certain gene network, and 
uncover an interesting cooperative relation between H3K27me3 and H3K4me3 in 
target gene transcription in HCC. Meanwhile, we screened EZH2 mutations in HCC 
clinical samples. It provides a new molecular target for early diagnosis and effective 
treatment of HCC. 
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